AIM: to investigate the prevalence and the clinical characteristics of Asian patients with eosinophilic esophagitis.
INTRODUCTION
Eosinophilic esophagitis (EoE) is a chronic inflammatory esophageal disease that induces dense intra-epithelial infiltration of eosinophils in the esophageal mucosa [1, 2] . Affected patients develop esophageal fibrostenotic complications after chronic inflammation and often suffer from dysphagia, swallowing discomfort, and heartburn. More than half of patients with EoE have concomitant atopic diseases, which may play a role in its development. The pathogenetic mechanism of EoE is considered to be a Th2-type chronic allergic reaction, primarily to food allergens, and IL-5, -13, and -15, eotaxin-3, periostin, and TGF-β are considered to be the principal participants in the development of EoE [3, 4] . As with many allergic diseases, including bronchial asthma, the incidence and the prevalence of EoE have been shown to be rapidly increasing, with a reported incidence in Western countries ranging from 10 to 50 per 100000 individuals in the general population [5] . Published reports of EoE from Asian countries are limited, including only observational studies using a small sample size and case reports. Because of this limited information, the prevalence of EoE in Asian countries, as well as similarities and differences in regards to the clinical characteristics of affected patients, in Western and Asian countries have not been clarified. In the present study, we surveyed original publications and case reports of EoE from Asian countries and performed a systematic review. 
MATERIALS AND METHODS

Systematic literature search
Data extraction and analysis
Because we were interested in the prevalence and the clinical characteristics of EoE in Asian countries, we focused on the number of cases investigated via upper gastrointestinal endoscopy. In addition, we recorded possible accompanying atopic diseases, symptoms, laboratory test results, endoscopic findings, and therapeutic responses.
Statistical analysis
Sample size-weighted mean values were determined for all pooled prevalence data and clinical characteristics. The statistical methods of this study were reviewed by Akira Yasuda, Department of Medical Informatics, Shimane University, Izumo, Japan.
RESULTS
Literature search
The literature search identified 25 articles, including 8 case reports, that fulfilled the inclusion criteria for this review ( Figure 1 ) . Most studies were performed in Japan (n = 15), followed by Korea, Turkey, Saudi Arabia, China, and Taiwan. We did not find any reports from other Asian countries, including central and western Asian countries.
Demographic characteristics
The identified reports included a total of 217 Asian patients with EoE, of whom 73% were male. All studies except for 2 contained more males than females, although one report of 4 patients did not indicate their age or gender. The age of the patients in these studies ranged from 1 to 83 years, with a mean age of 40.4 years, and the mean age of the adult patients was approximately 50 years ( Figure 2 ).
Prevalence of EoE
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found in 77 cases. The reported prevalence of EoE in these studies displayed wide variability, from 17 to 6557 per 10 5 endoscopy-investigated cases. However, the possibility of inclusion bias in the studies using a small sample size should be considered, as the studies using a small sample size showed a higher prevalence of EoE ( Figure 3 ). Two studies that included more than 20000 endoscopy-investigated cases showed an EoE prevalence of approximately 20 in 10 5 cases, suggesting a lower prevalence in Asian countries than in Western countries. No studies investigated the population-based prevalence or incidence of EoE in Asian countries.
History of allergic diseases
A history of allergic diseases was reported for 175 cases ( Figure 4 ). Bronchial asthma was reported in 42 patients, allergic rhinitis in 39 patients, food allergies in 23 patients, and atopic dermatitis in 20 patients. More than 50% of the patients with EoE had some type of allergic disease or a medical history of an allergic disease.
Symptoms reported by patients
Symptoms were reported in 213 cases ( Figure 5 ), and multiple symptoms were often noted. Dysphagia and/or swallowing discomfort, the most frequently noted symptoms, were reported by 93 patients. Other reported symptoms included heartburn (n = 47), epigastralgia (n = 24), failure to thrive (n = 20, only pediatric cases), vomiting (n = 13), chest pain (n = 11), food impaction (n = 9), regurgitation (n = 8), abdominal pain (n = 6), and back pain (n = 4). Of the 40 pediatric cases, 18 reported dysphagia or swallowing discomfort.
Laboratory test results
The possible presence of peripheral blood eosinophilia was reported in 102 patients, 34 (33%) of whom had eosinophilia (> 500 eosinophils/μL), although highgrade eosinophilia (> 1000 eosinophils/μL) was rarely encountered. The total serum IgE concentration was reported for 76 cases, of which 45 (59%) of the cases displayed elevated IgE levels. Serum anti-Helicobacter pylori (H. pylori) IgG antibody levels were reported for 24 patients, although only 4 (17%) were found to be infected by H. pylori, suggesting a lower rate of infection in EoE cases than in healthy individuals.
Endoscopy
Endoscopic findings were reported for 188 patients (Figure 6 ), of whom 154 (82%) had some endoscopic abnormalities suggesting the presence of EoE, In the studies using a smaller sample size, the prevalence of eosinophilic esophagitis (EoE) was higher. Different indication criteria for endoscopic examination between institutions may be partially responsible for the large variation in the reported incidence of EoE. 
including furrows, concentric rings, and white plaques. Longitudinal furrows were the most frequently reported abnormality, observed in 52% of the patients, followed by white plaques and concentric rings. Shimura and coworkers investigated the sensitivity and the specificity of various endoscopic abnormalities in Asian patients and found that longitudinal furrows corresponded to the highest positive and negative predictive values [27] . Non-specific findings such as edema, erythema, and decreased visibility of the vasculature were reported in a small number of patients.
Regarding the histological diagnosis of EoE, 7 studies employed 20 or 24 eosinophils/high power field as the minimal threshold to indicate eosinophil infiltration for EoE diagnosis. In the remaining studies, the patients were diagnosed with histological EoE when 15 or more eosinophils/high power field were found in esophageal mucosa biopsy specimens. Eosinophil micro-abscess, fibrosis in the esophageal sub-epithelial layer, and infiltration of other immunocytes into the epithelial layer have been reported to be possible characteristic histological findings of EoE, although these histological abnormalities were not used for the diagnosis of EoE in the collected publications. Additionally, the sites of biopsy sampling were not clearly described in the collected publications, despite that the sampling site may affect the sensitivity and the specificity of histological diagnosis.
Therapeutic response
Topical glucocorticoid therapy, elemental or elimination diet, and proton pump inhibitor (PPI) therapy were generally employed for the treatment of EoE. Some studies included PPI-responsive cases, whereas others excluded such cases. In 7 studies that included PPI-responsive cases, 23 of the 61 patients (38%) responded favorably to PPI administration and were diagnosed with PPI-responsive EoE (PPI-REE) according to the 2011 Eosinophilic Esophagitis Updated Consensus Recommendations [1] . All symptomatic patients with EoE were reported to be successfully treated via glucocorticoid or PPI administration or dietary therapy. A small number of patients had negligible symptoms that did not require therapeutic intervention or experienced spontaneous disease remission, at least temporarily, without any treatment. None of the reported patients required balloon dilatation treatment for esophageal stenosis.
DISCUSSION
Our review of the literature identified over 200 patients with EoE in Asian countries during the search period. An increasing trend of publication was observed since 2011, as 21 of the 25 studies surveyed were published after 2011. The age and gender ratios of the reported cases in Asian countries were very similar to those reported in Western countries [1, 2, 31] , although the reason for the male preponderance of EoE has yet to be clarified. The prevalence of EoE in Asian countries has not been appropriately investigated via population studies, in contrast to the studies performed in Western countries [5, 32] . The prevalence of cases that utilized endoscopy varied remarkably among the studies reviewed here (Figure 3 ), and this variability may be partially due to the different indications for which upper gastrointestinal endoscopy is used and partially because of different levels of familiarity with EoE among endoscopists in different countries. In Western countries, EoE has been reported to be found in approximately 1 out of 200 endoscopy examinations [33, 34] . In contrast, studies using large a sample size performed in Asian countries have reported EoE in approximately 1 out of 5000 endoscopy examinations, indicating a much lower prevalence of EoE [12, 14] . Because the accessibility of and the indication for endoscopic examination are known to differ between Western and Asian countries, a direct comparison of the EoE prevalence based on endoscopic findings between these 2 regions of the world is difficult. We believe that population-based studies in Asian countries are needed.
Similar to Western EoE patients, Asian EoE patients frequently presented with comorbid atopic and allergic diseases [1, 2, 31] . In both regions, bronchial asthma has been shown to be the allergic disease most frequently associated with EoE. Thus, the atopic condition is considered to be at least partially involved in the development of EoE not only in Western countries but also in Asian countries. The occurrence of allergic diseases may be prevented by bacterial or parasitic infections [35, 36] . In Western countries, the infection rate of H. pylori is reported to be lower in patients with EoE [33, 37] , and in the Asian EoE patients, eosinophilic 
gastrointestinal diseases were reported to be infrequently accompanied by H. pylori infection [38, 39] . The infection rate observed in the present review also suggests a lower rate of H. pylori infection in Asian EoE patients than in the general Asian population.
For accurate diagnosis of EoE, a biopsy performed via upper gastrointestinal endoscopy is absolutely necessary. The presence of characteristic symptoms and endoscopic abnormalities is important for determining whether biopsy specimens should be collected. Dysphagia, the most frequently reported symptom of EoE in both Asian and Western countries, was found in nearly half of the patients reported in the studies covered by this review. Alternatively, food impaction was reported in less than 5% of Asian EoE cases, and this value was lower than that in Western countries [40, 41] . Endoscopy revealed longitudinal furrows in half of the Asian patients; thus, longitudinal furrows were the most frequently observed endoscopic abnormality in both Asian and Western EoE patients [42] [43] [44] . As in Western studies, more than 80% of the Asian EoE patients showed endoscopic abnormalities characteristic of EoE, including longitudinal furrows, plaques, and concentric rings. These findings clearly indicate that Western and Asian EoE patients share similar symptoms and endoscopic abnormalities. This information is important for the accurate diagnosis of EoE. However, in Asian patients, fixed concentric rings/stenosis were not frequently found, although transient concentric rings were reported [12, 19, 27] . The rarity of fixed concentric rings in Asian EoE patients is reasonable given the observation that food impaction is a rare symptom reported by Asian patients with EoE. The low grade of inflammation and the early stage of EoE disease at the time of diagnosis in Asian patients may be responsible for these differences in the clinical characteristics of EoE between Asian and Western patients.
EoE can be divided into two types, EoE and PPI-REE, based on the response of the disease to PPI administration. When administration of a PPI results in the resolution of EoE together with endoscopic abnormalities and symptoms, the appropriate diagnosis is PPI-REE [1, 2] . Alternatively, when a response to a PPI is not observed, the patient should be diagnosed with EoE according to the consensus of the published recommendations [1, 2] . However, some investigators have questioned the appropriateness of this classification. PPI-REE and EoE do not differ in regards to their clinical, endoscopic, or histological characteristics [45] [46] [47] , and the messenger RNA expression profile in the esophageal mucosa of PPI-REE and EoE cases has been reported to be nearly identical [48] . In addition, PPIs have recently been shown to suppress Th2-type inflammatory responses, which are important for the development of EoE [49, 50] . Together, these findings suggest the limited importance and difficultly of PPI responsiveness in the classification of EoE. As a result, some investigators included PPI- [46, 51, 52] . Additionally, PPI-resistant EoE patients in Asian countries were reported to be successfully treated via administration of glucocorticoid or dietary therapies, as has been reported in Western countries.
In summary, patients with EoE in Asian countries share similar clinical, endoscopic, and histopathological characteristics to those reported in Western countries, although the prevalence of EoE is lower in Asia. Onethird of the Asian EoE patients responded favorably to PPI administration, whereas the others showed a good response to glucocorticoid or dietary therapy; these results were identical to those reported in Western countries. We conclude that EoE patients in Asian countries exhibit similar characteristics to those in Western countries.
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Background
The prevalence of eosinophilic esophagitis (EoE), a disease that is primarily caused by food allergies, is rapidly increasing in Western countries. EoE decreases health-related quality of life by causing dysphagia. The prevalence of EoE was reported to be approximately 50 per 100,000 individuals in the USA. However, the prevalence, the incidence, and the clinical characteristics of Asian patients with EoE have not been thoroughly investigated.
Research frontiers
Based on twin studies, the role of genetic factors in the development of EoE is approximately 20%. Therefore, with the westernization of social environments in Asian countries, EoE is expected to increase in a manner similar to that in Western countries. Accordingly, the prevalence and the clinical characteristics of Asian EoE patients need to be summarized and compared with those of Western EoE patients.
Innovations and breakthroughs
We have conducted a systematic literature search for studies on Asian patients with EoE. More than 200 such patients were found in the literature. The prevalence of EoE in Asian countries is lower than that reported in Western countries. The clinical characteristics of EoE are similar between Asian and Western countries, and common pathogenetic mechanisms are suggested. Possibly because of the lower grade of inflammation or the early stage of EoE at the time of diagnosis in Asian patients, endoscopic abnormalities and symptoms associated with EoE were less frequently observed in Asian patients than in Western patients.
Applications
The results of this study suggest that information concerning Western patients with EoE can be applied to Asian patients with EoE and that similar treatment strategies used in Western patients can be administered to Asian patients.
Terminology
The eosinophil is a type of leukocyte that increases and accumulates in allergic diseases. These cells, together with other inflammatory cells, cause inflammation in the esophageal mucosa, resulting in unpleasant symptoms. Dysphagia, or difficulty in swallowing, is the symptom most frequently reported by patients with EoE. Dysphagia significantly decreases patient quality of life.
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